ABSTRACT When laboratory host speciÞcity tests on weed biological control agents produce ambiguous results or are suspected of producing false-positive Þndings, Þeld cage or open Þeld tests can be used to help determine the true ecological host range of the agent. The leaf beetle Diorhabda elongata (Brullé ) from Crete, imported to the United States for the control of saltcedar (Tamarix spp., Tamaricaceae), showed a low but variable ovipositional response to nontarget Frankenia spp. (Frankeniaceae) in previous laboratory tests conducted in small cages, where up to 11.4% of eggs were laid on these native plants. Results from Þeld tests presented in this article show that no eggs were laid on Frankenia palmeri S. Watson and signiÞcantly more eggs were always laid on Tamarix ramosissima Ledebour than Frankenia salina (Molina) I. M. Johnston. Furthermore, the ovipositional response to F. salina was substantially lower than that recorded in laboratory tests. The percent of eggs laid on F. salina in Þeld tests was 3.7 in a paired choice cage test, 4.3 in a multiple choice cage test, and 2.5 in a multiple choice open Þeld test, suggesting that the true acceptance rate of the nontarget by D. elongata in the Þeld will be lower than laboratory tests predicted. However, some damage was caused to F. salina by adult and larval feeding in the Þeld, although this occurred only at the very end of the open Þeld test, when D. elongata densities were extremely high, and all of the surrounding saltcedar had been totally defoliated. ScientiÞc representatives from various stakeholder organizations (state, county, university, and environmental groups) viewed the open Þeld test when in progress and reviewed the Þnal results before advising State regulatory agencies on beetle redistribution. These test results, and the open review process, led regulators to conclude that redistribution of D. elongata in California was warranted owing to its signiÞcant ability to defoliate saltcedar, and its low rate of feeding on nontarget Frankenia spp. The introduction of D. elongata provides an interesting case study for risk assessment of a potentially efÞcacious weed biocontrol agent that may also be capable of using nontarget native plants.
Cage effects can sometimes inßuence the results of weed biological control host speciÞcity tests conducted in the laboratory or greenhouse, resulting in an exaggerated measure of the biological control agentÕs host range (Marohasy 1998 , Schaffner 2001 . Open Þeld tests, although not without inherent logistical problems, are often better predictors of true ecological host range (Briese 1999) . Open Þeld tests have been used in weed biological control projects to clarify the results of laboratory host speciÞcity tests, particularly when lab tests have produced results that are suspected of being false positive (i.e., showing damage to a nontarget plant, when in fact the plant is outside the agentÕs actual host range in the Þeld; Briese 1999 ). Reviews of research using open Þeld tests (Clement and Cristofaro 1995; Briese 1999 Briese , 2005 , have found that in many (although not all) cases, agents were shown to be safe despite attacking nontargets in laboratory tests. For example, two weevil species (Eustenopus villosus (Boheman) and Larinus curtus Hochhunt) were released in California to control yellow starthistle (Centaurea solstitialis L.), even though they attacked artichoke and safßower in laboratory tests. This was permitted because the nontarget crops were not attacked in open Þeld tests conducted before release (see references cited in Clement and Cristofaro 1995) . More recently, the leaf beetle Gratiana boliviana Spaeth was approved for release in the southeastern United States for control of tropical soda apple (Solanum viarum Dunal) after open Þeld tests in Argentina showed that it did not attack egg plant (Solanum melongena L.) in the Þeld, despite its ability to complete development on this nontarget in laboratory tests (Gandolfo et al. 2007 ).
Potential problems with open Þeld tests conducted in the country of origin include difÞcult logistics and high costs of working in foreign countries, variability in agent density, and confounding effects of feeding by other herbivores. Even more serious is the possibility that agent abundance in the Þeld test location may be much lower than what could be expected following establishment in the country of introduction, and would therefore exert inadequate pressure on the insects to stimulate the utilization of nontarget test plants (McFadyen 1998) . In some instances, open Þeld tests may be permitted in the country of introduction, rather than the country of origin, particularly if the agent has low dispersal abilities, the test location is geographically isolated, and the nontarget plants of concern are spatially removed from the test site. For example, Lema cyanella (F.) (Coleoptera: Chrysomelidae) was imported from Europe for control of Cirsium arvense (L.) Scopoli in Canada, where it was evaluated in Þeld cage and open-Þeld tests, and subsequently not recommended for redistribution owing to its unacceptable level of attack on native thistles (McClay et al. 2000) .
In this study, we examine the reliability of cagebased testing in predicting the Þeld host range of the weed biological control agent Diorhabda elongata (Brulle) (Chrysomelidae). In 2001, the northern tamarisk beetle, Diorhabda carinulata (Desbrochers) was introduced from China and Kazakhstan to the United States for the biological control of saltcedars, Tamarix spp. (Tamaricaceae). Saltcedars are highly invasive Eurasian trees that infest vast areas of riparian ecosystems in the western United States (DeLoach et al. 2004 , Tracy and Robbins 2009 . D. carinulata established quickly at many of the release sites, dispersed rapidly, and defoliated extensive stands of saltcedar, resulting in sustained reductions in canopy cover and water use (Pattison et al. 2011 ) as well as short-term increases in ecosystem nutrient cycling through leaf litter decomposition (Uselman et al. 2011) . However, D. carinulata failed to establish in California, apparently owing to the combination of intense predation by ants (Herrera 2003) and diapause characteristics incompatible with environmental conditions at the release sites (Bean et al. 2007 , however see Dalin et al. (2010) for indications that adaptations are now allowing reproduction at more southern latitudes). The closely related Mediterranean tamarisk beetle, D. elongata, was therefore imported from Crete by the U.S. Department of Agriculture-Agricultural Research Service (USDA-ARS), with the expectation that its adaptation to a Mediterranean climate would be better suited to establishment in California (Milbrath et al. 2007 . Following host speciÞcity testing conducted in the laboratory on a variety of crops, native plants related to the target, and riparian habitat-associated species DeLoach 2006, Herr et al. 2009 Lewis et al. 2003 , Milbrath and DeLoach 2006 , Herr et al. 2009 ), a stepwise process was designed and implemented by USDA using a combination of Þeld cage and open Þeld tests to further assess the actual risk to these nontarget species before release of the beetles in other areas in California. Initial Þeld studies were conducted in the Cache Creek watershed, located near Woodland, CA. This region supports dense and damaging stands of Tamarix parviflora de Candolle.
There are six Frankenia spp. native to North America (Whalen 1987) , and two of these occur in California (Frankenia salina (Molina) I. M. Johnston and Frankenia palmeri S. Watson), occupying coastal salt marsh and inland alkali habitats (Hickman 1993 ) that are also occasionally invaded by saltcedar. These nontarget plants do not occur in the vicinity of Cache Creek, where D. elongata was initially released. F. salina has been shown to be the most susceptible species in terms of D. elongata oviposition preference (Herr et al. 2009 ) and is the nontarget species of most concern, as it occurs in many parts of California. Overlap in the distribution of target and nontarget plants increases the probability that damage to susceptible native species could occur if D. elongata were established throughout California and actually used Frankenia spp. as host plants.
The following studies were designed to assess the potential of such damage before D. elongata being relocated to critical habitats where such overlap is known to occur. Thus, the objectives of these studies were to determine the actual ecological host range of D. elongata by comparing the adult host plant selection and ovipositional preference with respect to target Tamarix spp. and nontarget Frankenia spp., using a series of Þeld cage experiments, followed by an open Þeld test. The open Þeld test was conducted in an isolated area where the introduced beetles had attained a population density sufÞcient to cause substantial defoliation to extensive stands of T. parviflora.
Materials and Methods
Study Site. All experiments were conducted in the Cache Creek watershed, located in Northern CaliforniaÕs interior coast range, primarily in Yolo county but also crossing into Lake and Colusa counties. Flow rates in Cache Creek average 14.2 cubic meter per second (Ϸ500 cubic feet per second), and are regulated through controlled releases of water from Clear Lake. This water is used both for agricultural irrigation and to maintain environmental ßows. These ßow patterns favor saltcedar propagation by altering normal drawdown patterns required by native riparian trees. During periods of elevated winter rainfall, this river reaches extremely high levels of ßow (1,146 cubic meter per second, or Ϸ50,000 cubic feet per second; Higgins and Kamman 2010) , which can cause extensive scouring and ßooding during intense rainfall events. The riverbanks are heavily infested with T. parviflora, which increases ßooding by impeding ßow, diverting stream channels, and increasing bank subsidence during peak runoff events. In the drier summer months, saltcedar uses excessive amounts of water, competes with and displaces native vegetation, and blocks water access for livestock, wildlife, and recreational enthusiasts (Di Tomaso 1998). Although saltcedar densities vary along the stream channel, aerial survey studies (Ge et al. 2006) (Munz and Keck 1968) , which were shown to be more susceptible to attack by D. elongata than the coastal form (Herr et al. 2009 ). Once test plants were placed in the Þeld, they were irrigated by hand once per week with water obtained from Cache Creek.
Paired Choice Test. This experiment was conducted on the grounds of the Cache Creek Conservancy (38.69Њ N, 121.88Њ W) at a site adjacent to the creek, Ϸ6.5 km west of Woodland, Yolo County, CA. Five Þeld cages were set up along the creek bank over naturally occurring vegetation, which consisted of a mixture of native and exotic plant species common to the area. Each replicate cage was set up over one naturally growing T. parviflora tree, pruned to allow for positioning in the center of the cage. Other naturally occurring vegetation within the cages was pruned or thinned to allow access to critical test plants, but representative plant species were left in place whenever possible, to help maintain a realistically diverse test environment. Native species included willows (Salix spp.), black cottonwood (Populus balsamifera L. spp. trichocarpa (Torrey & A. Gray) Brayshaw), and mule fat (Baccharis salicifolia (Ruiz & Pavon) Pers). In addition to the single T. parviflora plant in the center of each cage, other exotic species present wereÑ giant reed (Arundo donax L.), ravennna grass (Saccharium ravennae (L.) Murray), tall whitetop (Lepidium latifolium L.), and a mixture of annual grasses and other common herbaceous weeds. Four potted F. salina plants were added to each cage, with one plant positioned near each corner of the cage. The test plantsÕ soil mix was augmented with Terra Sorb Hydrogel (Plant Health Care, Inc., Pittsburgh, PA) to increase water retention, and pots were sunk in the ground so that the top edge was level with the surrounding substrate. Plant height (mean Ϯ SEM) was 187.8 Ϯ 3.71 cm for T. parviflora and 45.6 Ϯ 2.1 cm for F. salina. The distance from the F. salina plants to the closest portion of the T. parviflora tree was variable across cages, but was generally Ͻ1.5 m.
The experiment included two distinct phases; the Þrst phase evaluated adult host plant selection and ovipositional preference, and the second phase focused on feeding damage. In Phase 1, eggs were removed from test plants to maintain test plant quality over the exposure period, whereas in Phase 2 eggs were allowed to hatch on the plants, and subsequent assessments of larval and adult feeding damage to the foliage were made. Phase 1 was initiated on 22 August 2003, when 100 adult D. elongata beetles (1:1 male: female ratio) were released in each cage (APHIS-PPQ permit # 63377). On three sample dates (26 August, 29 August, and 2 September 2003) covering an 11-d observation period, visual searches were made for D. elongata eggs and adults found on T. parviflora, F. salina, and other plant species enclosed by the cages. During this assessment period, all egg clusters were removed from the plants for later enumeration under a dissecting microscope in the laboratory, and were not returned to the cages. Adults were counted in the Þeld cages, and were not removed from the plants. Counts from the four F. salina plants per cage were pooled to provide the total number of eggs and adults found on the test plant species per replicate. A cagelevel mean was calculated across the three sample dates, and paired t-tests were used to compare D. elongata adult abundance and oviposition between T. parviflora and F. salina.
In the second phase of the experiment, adults were counted as before, but eggs were not collected and were allowed to hatch on the test plants. For 2 mo before the test, Þeld cages had been used for mass rearing D. elongata on naturally growing T. parviflora trees (one tree per cage), which had sustained moderate to substantial defoliation. Thus, this test was designed to simulate a Þeld situation in which beetles had defoliated the target tree, and were then dispersing in search of new food sources. The number of adult beetles contained in each cage was estimated to be Ϸ200 per cage (Ϸ30 per m 2 ) at the time of the experiment, a high density that might be expected under biological control conditions. Plant species used in this test and their heights (mean Ϯ SEM) were as follows: T. ramosissima (101.0 Ϯ 6.4 cm), T. parviflora (94.7 Ϯ 4.3 cm), T. aphylla (83.0 Ϯ 4.2 cm), and F. salina (52.3 Ϯ 1.2 cm). One potted plant of each species was placed in the corner of each cage, approximately equidistant from the centrally located T. parviflora tree. tk;2Each test plant pot was set in a 19-liter (5-gallon) bucket to retain irrigation water during the test period. The test was replicated in three cages, with the position of test plants randomized between replicates. Environmental conditions measured during the experiment with data loggers placed outside of the cages under nearby T. parviflora trees were as follows (mean Ϯ SEM): temperature ϭ 28.2 Ϯ 0.3ЊC (range, 17.0 Ð 47.4ЊC); relative humidity ϭ 30.4 Ϯ 0.5% (range, 5.3Ð 66.4%).
Test plants were placed in cages on 11 August, 2005, and were evaluated for the presence of adult beetles and eggs on three subsequent sample dates (15, 18, and 25 August). On each sample date, adults were counted and left in the cages, whereas egg clusters were removed, returned to the laboratory, and counted under a dissecting microscope. Data were collected only from the potted test plants, not from the central (naturally growing) T. parviflora tree. Before analysis, counts from all three sample dates were pooled by plant replicate to provide a cumulative number of adults or eggs counted during the experiment. Because cages contained a variable number of adults, counts from each test plant were then standardized by converting these data to the proportion of total eggs or adults collected per cage. These values were then transformed using arcsine square root before analysis with ANOVA. Post hoc pairwise comparisons of means were made using the TukeyÐKramer test (alpha ϭ 0.05).
Open Five test plant species (T. ramosissima, T. parviflora, T. aphylla, F. salina, and F. palmeri) were grown in pots and set in 5-gallon (19-liter) buckets to retain irrigation water at the Rumsey, CA Þeld research site. No Frankenia spp. or Tamarix spp. other than T. parviflora occur naturally in the test area. The experiment was replicated concurrently with seven plots of test plants, located in naturally occurring stands of T. parviflora growing along the eastern bank of Cache Creek (Fig.  1) . The location of test plant species was assigned randomly within each plot. Plots were set up in a linear arrangement, with spacing of 20 Ð50 m between them. The total distance from the Þrst to the last plot was Ϸ200 m. Each of the seven plots contained two paired plants of each of the Þve test plant species, yielding 10 plants per plot (70 plants in total, with 14 plants per species). The plants were protected from herbivory by large mammals (primarily deer) using wide-mesh wire fencing (opening size of 5.0 by 10.5 cm). The D. elongata population established in adjacent T. parviflora trees was sufÞcient to colonize the test plants, so no additional beetle releases were made in the experimental plots throughout the course of the 5-mo long study. Once per week, adult beetles were counted and removed from one of the paired test plants per species in every plot (yielding a total of seven plants sampled per species per week). In addition, all of the egg clusters were removed from these sampled plants, returned to the laboratory, and counted under a dissecting microscope. Adults and eggs were left undisturbed on the other corresponding plant in each pair, to assess accumulating feeding damage on each test plant species over the experimental period.
The experiment was repeated with new test plants three times during the spring and summer of 2007, to measure oviposition response at different beetle densities and under varying environmental and behavioral conditions. The timing of these three trials corresponded closely with the three beetle generations that occur in this area each year (Fig. 2) . The Þrst trial (18 April to 24 May, 2007) took place during a period of low D. elongata abundance, when the overwintering generation had emerged from diapause and was in the process of dispersing and colonizing host plants during the beginning of the spring growing season. The second trial (27 June to 2 August, 2007) overlapped primarily with the second beetle generation, when the population was increasing and damage to the existing stands of T. parviflora was moderate to heavy. The third trial (7 August to 28 August, 2007) occurred at the end of the season, when the local T. parviflora trees had been completely defoliated and the third generation beetles were emerging in large numbers and searching for feeding sites before entering diapause. Data were collected on a total of 13 sample dates, with all three trial periods combined. The quality of the F. palmeri plants deteriorated as temperatures increased at the end of the experiment, and they were therefore not included in the last three sample dates (Trial 3).
In parallel with these trials, the relative abundance of adult D. elongata present in the study area on naturally growing T. parviflora trees was monitored with timed visual counts over the entire season. Once per week, the total number of adults counted on T. parviflora foliage during a 5-min period was recorded, and the procedure was repeated 10 times in randomly selected saltcedar canopies adjacent to the experimental replicates. Hand-held tally counters were used to record the beetle numbers, which were carried out by personnel moving through the saltcedar stand in a consistent direction, to ensure that trees and beetles were not counted more than once. The mean and SEM of the 10 samples was calculated to provide an estimate of the relative abundance and variability of beetle numbers on each sample date (Fig. 2) . Environmental conditions were measured over the course of the entire experiment (18 April to 28 August, 2007) with data loggers placed in the canopy of nearby T. parviflora trees. These data (collected at hourly intervals) are summarized as follows (mean Ϯ SEM): temperature ϭ 25.0 Ϯ 0.1ЊC (range, 3.7Ð 46.1ЊC); relative humidity ϭ 32.2 Ϯ 0.3% (range, 0.0 Ð96.8%).
A repeated measures ANOVA using a split-plot design approach was used to analyze the number of eggs and adults per plant over the 13 sample dates in the open Þeld test, with plant species as the main effect, and sample date as the repeated measure. Plot was included as a random factor. As there were missing values in some sample dates owing to plant mortality, it was not possible to conduct the analysis as a "classical" repeated measures ANOVA. However, the splitplot model is structurally equivalent to the repeated measures model (Quinn and Keough 2002; Norušis 2005) , with the whole-plot treatment effect corresponding to the between-subjects effect (plant species) and the subplot treatment effect corresponding to the within-subjects effect (sample date). Where a signiÞcant effect of plant species was detected, a TukeyÕs HSD test was performed. When the analysis indicated that there was a signiÞcant interaction between sample date and plant species effect, each sample date was examined separately using a one-way ANOVA with blocking to determine if there were signiÞcant differences among plant species. A HolmÕs sequential Bonferroni adjustment was applied to ensure an experiment-wise error rate of 0.05 and determine the signiÞcance of each test (total of 13 tests, one for each sample date; Holm 1979) . Before analysis, counts of eggs and adults were fourth rootand log 10 (x ϩ 1)-transformed, respectively, to improve normality and independence of means and variances. All analyses were run in IBM SPSS version 18 
Results and Discussion
Paired Choice Test. During the 11-d observation period (Phase 1), both the number of D. elongata adults and the level of oviposition was signiÞcantly higher on T. parviflora than on F. salina (Fig. 3) . On a per cage basis, a mean of 27.0 Ϯ 1.9 adults were counted on T. parviflora, compared with only 1.2 Ϯ 0.7 on F. salina (signiÞcantly different by paired t-test: t ϭ 12.90; df ϭ 4; P Ͻ 0.0002). The T. parviflora plants received a mean of 620.3 Ϯ 91.4 eggs per cage, compared with 17.7 Ϯ 3.8 on F. salina (t ϭ 6.46; df ϭ 4; P Ͻ 0.0030). Overall, a total of 9,304 eggs were collected from T. parviflora compared with 266 from F. salina, which received a mean of 4.4 Ϯ 0.6 eggs per plant. Oviposition on the nontarget plants was not uniformly distributed, as eggs were recovered from only 7 of the 20 F. salina plants used in the experiment. On a per cage basis, the mean percent of eggs laid on F. salina was 3.7 Ϯ 1.5 (Fig. 3) . The mean percent of total adults per cage found on F. salina was 4.0 Ϯ 2.3, nearly identical to the percentage of eggs found on the nontarget plant. The close agreement between egg and adult counts could indicate that a small portion of the D. elongata population will accept F. salina as a host, even in the presence of a more preferred and more abundant host plant (four of the eight F. salina plants that had adults also received eggs during Phase 1). If, however, we had observed some adult feeding but no oviposition on F. salina, this would indicate purely transitory damage, and not host utilization.
During Phase 2 of the experiment, observations of both adult and larval feeding were recorded on F. salina. Most of the F. salina plants on which adults were found also received eggs, conÞrming that some nontarget plants had been accepted as a host by D. elongata for both feeding and oviposition. By the end of Phase 2, D. elongata larvae were recorded on nine of the 20 F. salina plants. The maximum mean number of larvae per F. salina plant was 1.8 Ϯ 0.8. Of the nine infested plants, the maximum observed number of larvae averaged 4.0 Ϯ 1.5 and ranged from 1 to 15. Most of these larvae had attained the third instar (the ultimate instar) by the time that sampling was terminated, suggesting that full development was possible on F. salina under natural Þeld conditions. However, F. salina was clearly not the preferred host, as the nontarget plants sustained no, or only moderate, feeding damage, while all the T. parviflora trees were completely defoliated by the end of the experiment. No eggs were found on the cage walls, other inert substrates, or any of the other naturally occurring plant species contained in the cages, conÞrming the results of previous laboratory-based speciÞcity testing, which found that host utilization was limited to the order Tamaricales , Milbrath and DeLoach 2006 , Herr et al. 2009 ).
Multiple Choice Test. In the multiple choice Þeld cage test, the percentage of total adults counted was signiÞcantly higher on T. ramosissima (40.2% Ϯ 9.2) than F. salina (1.8% Ϯ 0.31), but was not statistically different between the other plant species tested (F 3, 6 ϭ 5.801; P ϭ 0.0331; Fig. 4) . The lack of discrimination between Tamarix spp. in this case may have been owing to the high adult densities (Ϸ30 beetles per square meter) used in the cages to ensure contact with all available plants in the test. Overall, however, adults were found to be on Tamarix spp. nearly 98% of the time and only occasionally (Ϸ 2%) on F. salina. D. elongata adults also laid signiÞcantly more eggs on T. ramosissima than on F. salina or T. parviflora (F 3, 6 ϭ 8.619; P ϭ 0.0135; Fig. 4) . Of the 4,948 eggs collected during the 2-wk observation period, T. ramosissima received a mean of 992.0 Ϯ 362.0 eggs per plant, or 60.3 Ϯ 11.7 percent of the eggs collected. By comparison, F. salina received only 4.3 Ϯ 2.9% of the eggs collected, a mean of 53.7 Ϯ 27.0 eggs per plant.
Open Field Test. Analysis of the number of D. elongata eggs and adults per plant using repeated measures ANOVAs showed a signiÞcant effect of plant species on both variables, as well as a signiÞcant interaction between time (sample date) and plant species effect (Table 1) . Oviposition data averaged across all sample dates showed clear separation of means between all test plant species (Fig. 5) , with T. ramosissima (86.5 Ϯ 10.0 eggs per plant) receiving Ϸ23 times as many eggs per plant as F. salina (3.8 Ϯ 0.8 eggs per plant). D. elongata oviposition on T. parviflora and T. aphylla was also signiÞcantly higher than on F. salina (Fig. 5) . Over the course of the entire experiment, only 2.5% of all eggs were laid on F. salina. No eggs or adults were found on F. palmeri on any of the 13 sample dates. The average number of D. elongata adults per plant species closely matched the oviposition trends, although the number of beetles found on T. aphylla was not signiÞcantly different from the number found on F. salina (Fig. 5) .
Subsequent one-way ANOVAs with blocking by plot on each sample date showed that the number of eggs and adults per plant was signiÞcantly different among plant species on many, but not all, of the dates (Figs. 6 and 7) . During Trial 1, the mean number of adult D. elongata counted on all test plants was relatively low (Fig. 6) , as the population was primarily composed of overwintering beetles from the previous year that were dispersing to Þnd host plants. Although adult counts were not signiÞcantly different between plant species in Trial 1, beetles were found on all of the Tamarix spp. on every sample date, whereas none were found on Frankenia spp. during this period. In Trial 2, relative D. elongata abundance increased, and signiÞcant differences between plant species were found on the following sample dates: 6 July (F 4, 23 ϭ 8.24, P Ͻ 0.001); 12 July (F 4, 24 ϭ 9.75, P Ͻ 0.001); 19 July (F 4, 20 ϭ 5.15, P ϭ 0.005); 26 July (F 4, 17 ϭ 6.99, P ϭ 0.002); and 2 August (F 4, 19 ϭ 21.49, P Ͻ 0.001). The Þrst adults found on F. salina were recorded at the beginning of Trial 2 (on 6 July 2007), but the mean number of adults per F. salina plant remained very low (Ͻ1 per plant) until 26 July. During Trial 3, when the vast majority of the naturally growing T. parviflora plants in the Rumsey area were completely defoliated by D. elongata, the mean number of adults per test plant increased substantially, and signiÞcant differences were detected on 14 August (F 3, 17 ϭ 27.06, P Ͻ 0.001) and 21 August (F 3, 15 ϭ 11.55, P Ͻ 0.001). The mean number of adults per F. salina plant in Trial 3 was 4.3 Ϯ 0.9. Similar trends were found in oviposition patterns over time (Fig. 7) , with signiÞcant differences in number of eggs per plant species detected on all except the Þrst sample date, as follows: 3 May (F 4, 22 ϭ 7.02, P ϭ 0.001); 10 May (F 4, 20 ϭ 4.79, P ϭ 0.007); 17 May (F 4, 22 ϭ 12.87, P Ͻ 0.001); 24 May (F 4, 21 ϭ 6.15, P ϭ 0.002); 6 July (F 4, 23 ϭ 20.14, P Ͻ 0.001); 12 July (F 4, 24 ϭ 20.30, P Ͻ 0.001); 19 July (F 4, 20 ϭ 24.45, P Ͻ 0.001); 26 July (F 4, 17 ϭ 8.39, P ϭ 0.001); 2 August (F 4, 18 ϭ 26.82, P Ͻ 0.001); 14 August (F 3, 17 ϭ 15.79, P Ͻ 0.001); 21 August (F 3, 15 ϭ 8.78, P ϭ 0.001); and 28 August (F 3, 8 ϭ 8.23, P ϭ 0.008). The number of eggs laid on F. salina was signiÞcantly lower than on T. ramosissima in 10 of the 13 sample weeks (Fig. 7) . The percentage of total eggs per trial that were laid on F. salina was as follows: Trial 1, 0.0%; Trial 2, 1.9%; Trial 3, 4.6%. This trend indicates a slight increase in utilization of the nontarget plant as the quality of the primary host plant is degraded by herbivory.
We did not attempt to quantify herbivory on test plants during this experiment, but did note larval development, and subsequent defoliation, on the set of test plants from which eggs and adults were not removed (see Supp Figs. 1Ð3[online only] ). All of the Tamarix spp. test plants were substantially or completely defoliated by the end of each trial period (Supp Fig. 1[online only] ), whereas the F. salina plants showed little or no damage through Trial 2 (Supp Figs 1 and 2[online only] ). However, beetle abundance was so high during Trial 3 that all F. salina plants were damaged through a combination of adult and larval feeding, and were defoliated by the end of the experiment (Supp Fig. 3[online only] ). Conditions at the end of Trial 3 approached those of the highly conservative two-phase open Þeld test proposed by Briese (1999) and used by Briese et al. (2002) Kazmer (2005) (Herr et al. 2009 ). In addition, D. carinulata has been shown to have a lower acceptance of F. salina than D. elongata (Herr et al. 2009 ). Our open Þeld test also conÞrms the clear preference for T. ramosissima over T. parviflora by D. elongata, despite the resident beetle population being raised for multiple generations on T. parviflora at Cache Creek. The preference for T. ramosissima has been frequently reported in previous laboratory testing DeLoach 2006, Herr et al. 2009 ). However, the conÞrmation of T. ramosissima preference in our Þeld test tends to run counter to the Þndings of Thomas et al. (2010) , who used laboratory and Þeld-based choice tests to suggest that the D. elongata population established in the Cache Creek watershed has undergone a shift in preference, allowing more successful utilization of T.
parviflora.
The results of all three Þeld experiments presented in this article conÞrm previous conclusions of laboratory studies that showed that the nontarget plant F. salina was not a preferred host for D. elongata when compared with Tamarix spp. in paired choice and multiple choice situations DeLoach 2006, Herr et al. 2009 ). Furthermore, our studies indicate that as test conditions became more realistic (i.e., more closely approximated conditions that the beetles will encounter in nature), the relative ovipositional response to F. salina declined. For example, in multiple choice tests, the percentage of D. elongata eggs laid on F. salina was 11.4% in a previous laboratory test (Herr et al. 2009 Other studies using open Þeld tests have found lower acceptance rates of nontarget species in the Þeld tests than were found in the laboratory (e.g., Clement and Cristofaro 1995 , Gandolfo et al. 2007 , Moran et al. 2009 ).
The trends in our studies indicate that acceptance of F. salina as a host by D. elongata may be greater in the laboratory than under natural conditions, and that we can expect feeding damage to F. salina in the Þeld to be low or nonexistent when beetle densities are moderate and preferred host plants (Tamarix spp.) are abundant. However, in situations where F. salina and T. ramosissima co-occur in California, we may see some damage to the nontarget during peak beetle densities associated with the complete defoliation of adjacent saltcedar stands. It is unknown if this nontarget herbivory will be short-term, diminishing to insigniÞcant levels once the beetle population reaches equilibrium with the saltcedar, or if it will be sustained over multiple generations. Also unclear is the biological signiÞcance of the nontarget feeding. In our quarantine greenhouse studies, F. salina readily resprouts from persistent root stock after defoliation by D. elongata, but it is not known if the plants can sustain repeated defoliation under natural Þeld conditions, where they would experience a greater range of temperatures, and are in competition with other plant species. Future studies might also assess if distance between F. salina and Tamarix spp. has an inßuence on host utilization of the nontarget plant, as has been shown with Rhinocyllus conicus Frö lich (Coleoptera: Curculionidae), which attacked native thistles at a higher rate when in the proximity of the target weed .
When considering the state-wide redistribution of D. elongata, the potential risk to native Frankenia spp. must be weighed against the obvious ecosystem-wide beneÞts from the suppression of invasive saltcedar (e.g., restoration of native habitat and associated wildlife, reduced Þre danger, reduced ßooding, and enhanced recreation). ScientiÞc representatives from concerned stakeholder organizations (state, county, university, and environmental groups) viewed the open Þeld test when in progress, and assessed Þeld data summaries that were provided to help evaluate the environmental risk of D. elongata. A Þnal report of experimental results was also submitted to the California Department of Food and Agriculture (CDFA), Plant Health and Pest Prevention Services, the ofÞce responsible for determining if redistribution of D. elongata throughout the state would be permitted. After careful review of laboratory and Þeld test results, CDFA permitted the redistribution of D. elongata throughout California, citing the important potential for control of saltcedar and the apparently small risk of signiÞcant long-term damage to native Frankenia spp. (Hoffman 2008) . The cautious and transparent testing process (laboratory cage tests, followed by Þeld cage tests, an out-of-state open Þeld test [Moran et al. 2009] , and Þnally an open Þeld test conducted in a geographically isolated region of California) that led to the eventual approval for state-wide release of D. elongata could serve as a model for evaluating the environmental risk of future weed biocontrol agents whose laboratory host range includes nontarget species.
